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Abstract

This paper obtains bright, dark and singular soliton solutions from perturbed Schrédinger-Hirota equation that
governs the propagation of dispersive pulses through optical fibers. The trial equation method is adopted to
achieve this goal. Both Kerr and power laws of nonlinearity are covered.
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1 INTRODUCTION

Optical solitons serve as an amazing jewel in the field of Nonlinear Optics. These soliton molecules form the basic
fabric in modern telecommunication industry [1-15]. However, when higher order dispersion, such as third order
dispersion (30D), kicks in, the governing model is Schrédinbger-Hirota equation (SHE) as opposed to the usual
nonlinear Schrédinger’s equation (NLSE). It is Lie transform that converts NLSE with 30D to SHE. In addition to
the usual group velocity dispersion (GVD), this paper includes spatio-temporal dispersion (STD) that makes the
model well-posed as pointed out during 2012 [4, 5].

The extended trial equation method is the integration scheme employed in this paper to extract the soliton so-
lutions to SHE with Hamiltonian type petrturbations. Both Kerr and power laws of nonlinearity are studied. Bright,
dark and singular soliton solutions are obtained for the governing equation. As a byproduct, plane waves, periodic
singular waves and solutions in terms of Jacobi elliptic functions are presented.

2 GOVERNING EQUATION

The nonlinear evolution equation that models the propagation of solitons through optical fibers, with 30D is the
NLSE

1
Uy + P + [u*u = —idMugpe. (1)

Here X is the coefficient of 30D. The first term on the left hand side is the temporal evolution, while the second
term represents GVD. Also, on left side, the third term comes with Kerr law nonlinearity. The inclusion of 30D is
meaningful when GVD is low. The following Lie symmetry is introduced to analyze (1) further.

qg=1u—3i\ [uz + 2u/ |u(§)|2d§] . (2)
which transforms (1) to
. 1 .
i + 5000 + 1°q + i\ (oas + 6lq%qz) =0, (3)

after neglecting higher order terms [1-3]. Equation (3) is SHE with Kerr law nonlinearity. Therefore, SHE models
transmission of dispersive optical solitons through nonlinear fibers. With arbitrary coefficients, SHE can be rewritten
as

i + aqus + g’ q + i (Yqzaa + ola’qz) = 0. (4)

Physically o represents nonlinear dispersion. It was indicated during 2012, that GVD alone makes the governing
model ill-posed [4, 5]. Therefore, it was proposed that inclusion of an additional dispersion term, namely the spatio-
temporal dispersion (STD) introduces well-posedness [4, 5]. Hence, SHE with STD is

ig: + aque + baze + ¢laq + i (Ygraw + 0lg*az) =0, (5)
where the coefficient of b represents STD. Finally, with perturbation terms, SHE with STD extends to
. . . ; 2 . 2
iqs + agee + bue + clal*q + i (Yaoae + 0lae0) = iagy +iX (Iql q)w +iv (Iql )w g. (6)

In (6), A and v are self-steepening and nonlinear dispersion respectively. This paper will carry out the integration of
the perturbed SHE with STD by extended trial equation method [6-10]. This analysis is detailed in next section.



3 SOLITON SOLUTIONS

For the traveling wave solution to (6), the starting hypothesis is given by [11, 12]
g(z,t) = g(£)e™*™Y, (7)
where in (7), g(z,t) represents the wave profile and ¢ (x,t) is the phase component of the soliton that is defined as
o (x,t) = —kx + wt + 0, (8)

and also
&=z —t. (9)

Here, in (9) v represents the soliton velocity, while from phase component that is given by (8),  is the constant
soliton frequency, w is soliton wave number that is also taken to be constant and 6 is the phase constant for the
soliton. The study will now be subdivided into two subsections that concentrates on Kerr law and power law media.

3.1 KERR LAW

Substituting (7) into (6), and decomposing into real and imaginary parts lead to [11, 12]
(a —bow + 3yk)g" = (w+ bwk + ak® + v&* + akr) g — (Ak — ok — ) ¢°, (10)
and
79" = {v+ a+2ak + bw(w + vK) + 376>} ¢ — (0 — 3\ — 2v) ¢°¢/, (11)
respectively, after simplification. The notations g’ and g” are given by ¢’ = dg/d¢, g" = d?g/dE>.
From the linearly independent functions, it shows that third-order dispersion must vanish, namely

v =0. (12)

Eq. (12) shows that soliton solutions for Kerr law nonlinearity, will exist provided third order dispersion vanishes.
This observation is being made for the first time in this paper. Therefore, Eqs. (10) and (11), by virtue of Eq. (12),
reduces to

(a —bow)g” — (w+ bwk + arx® + ar) g+ (A — ok — ¢) g°* = 0, (13)

and
{v+a+2ak +bw(w+vk)} g — (0 — 3\ —2v)g%g =0, (14)

respectively. The remaining linearly independent functions, from Eq. (11), lead to the constraint

o—3\—2v =0, (15)
and the speed of the soliton
a + 2ak + bw?
— T/t 16
1+ bwk (16)

We will now analyze Eq. (13) to secure soliton solutions by extended trial equation method. To start off with the
solution of Eq. (13), the following assumption for the soliton structure is made

N
g=>» 7, (17)
=0



where
_P(Y) eVl ¥+

(0= A = ) = o e .
Using (17) along with (18), we have the terms (¢’)? and ¢” as follows:
(9")? = fI;EtII,/)) <Z iTi‘I’i1> ; (19)
i=0
and < s
i=0 =0

where ®(¥) and Y(¥) are polynomials of ¥. We can reduce Eq. (18) to the elementary integral form as follows:

/ \/T“; (21)

0=p+2+2 (22)
When 9 =4, p=0and ¢ =1 in Eq. (22), we obtain

+(€— &) =

Using the balance principle, we find that

g=1+m1Y, (23)

g = 71 (4paW? + 3z 02 4 2000 4 Ml)
2Xo0
where g # 0 and yo # 0. Substituting Eqgs. (23) and (24) into Eq. (13), collecting the coefficients of ¥, and solving
the resulting system, we find the following results:

(24)

pam1 [+ be(a + va) 4+ abvk? 4 3burg (¢ — kA + K0o)| + 478 x0(1 + br)[c + k(o — V)]
2

H2 = 279 [a + br(a + va) + abuk? 4+ burg(c + k(o — A))] ’
_ mile+ k(o = N)] [bopiti + 270X0(1 4 bk)]
Ha =07 bn(a +va) + abvk? + butd[c+ k(o — N)]’
= TE[e+ k(o — )] [bopim + 270x0(1 + bK)] (25)

470 [a + br(a + va) + abvk? + burg (c + k(o — )]’
~amT — 279Xo [k(a+ ak) + 78 (c — KA + Ko)]
N bupim + 270x0(1 + bk)

Ho = fo, M1 = Hi, Xo = Xo, T0=To, Ti1=Ti.

)

Substituting these results into Eqgs. (18) and (21), we find that

v
H(E— &) = L 26
(€-4) = (20)
where
AWy =0t + By B2g2 Mg O gy JXO0 (27)
Ha Ha 21 Ha #4

Consequently, one recovers the traveling wave solutions to the perturbed SHE with STD (6) as the following:



When A(¥) = (¥ — )4,

w
q(x,t) = T0 + 7’1)\1 + 27-1 boo?
o (et ) g,

< oxp [z {—mc—i— <a,u17'1 — 21ox0 [k(a + ak) + ¢ (c — kA + K0)] ) t—i—@}] .

bopi T + 270x0(1 + bk)

When A(¥) = (T — X;)3(¥ — A\2) and Ag > Ay,
4W2(/\2 — /\1)7’1
) 2
W2 = [ = 2o) (w4 (2t ) - )|

X exp | 4 — 4 apiT — 270X0 [m(a +ak) + 78 (c — KA + lia)} .
P boui i + 270x0(1 + bK) '

q(x,t) =< 10+ 11\ +

When A(¥) = (¥ — X\)3(¥ — \p)?,

()\2 - /\1)7’1

exp [MV_VM (w + (7“12%::&) t— 50)} - 1}

< oxp [z {—mc—i— <au17'1 —270x0 [K(a + ak) + 7§ (c — KA + ko) ) t—i—@}] 7

q(z,t) = {7'0 + TiAg +

bopiT + 270x0(1 + bk)
and
(M1 = A2
ey EYe Ty T |

wexo |id a4+ ap1T — 270X0 [m(a +ak) + 18 (c — KA + /icr)} 40
P boprm + 219x0(1 + bK) '

q(z,t) = {7'0 + T+

When A(\I/> = (\If — )\1)2(\11 — )\2)(\11 — )\3) and Ay > g > Ag,

2(/\1 - )\2)()\1 - /\3)7’1

q(z,t) =4 10+ T1A1 —
2X\1 — A2 — Az + (Ag — A2) cosh (W [0+ (otpatt) tD

X oxp [2 {_lm N <a,u17'1 — 21ox0 [K(a + ak) + ¢ (c — kA + Ko)] ) - 9}] .

bopiT + 270x0(1 + bk)

When A(\I/> = (\If — )\1)(\:[/ — )\2)(\:[/ — /\3)(\:[/ — /\4) and A1 > Ao > A3 > /\47

q(x,t) =< 10+ T A2 + T1(A1 = Ao) (Mg — Ao)

A3 - (0] aKk W
At — Az 4 (Ar — Ag) sn2 i—\/()‘l);w [x_|_ (M)t—fo} N

1+bwk

wexo |i d —hm + apiT — 270X0 [H(Oé +ak) + 78 (c — KA + no)] 0
P boui i + 270x0(1 + bK) ’

(28)

(29)

(30)

(31)

(32)



where

2 Q2= 25)( — M)

= . 34
(A1 = A3) (A2 — A\a) 34
Note that A; (i = 1,...,4) are the roots of the polynomial equation

A(T) =0. (35)

When 79 = —1y A1 and & = 0, solutions (28)-(32) can be reduced to plane wave solutions

q(x, t) =4* QIIQI:ZerwZ
z+ (W) t
-2 J(c— KA
woxp |14 —rz t ap T — 270Xo0 [K(a + ak) + 3 (c — KA + ko) irob] (36)
bopi T + 270x0(1 + bk)

AW2(Ay — M\)71
a2 =[O = ) (i + (oot )]

. apm — 270X0 [K(o + ar) 4+ 13 (¢ — KA + ko)
X exp lz { et < bvpam + 219x0(1 + bk) AR (37)

singular soliton solutions

_ (e —A)n A1 — Ao a+ 2ak + bw?
q(z,t) = 5 1 F coth o \? + T o t

: ap T — 270X0 [K(a + ak) + 18 (c — KA + ko)
- t+46 38
exp [Z { S < boprm + 219x0(1 + bK) + ’ (38)

and bright soliton solution

A
q(z,t) = "
C + cosh [B (:E + (%ﬁ#) t)}
-2 2(c — kA
woxp it apm — 270X0 [K(o + ar) 4+ 13 (¢ — KA + ko) irob] (39)
bopiT + 270x0(1 + bk)
where
2(A1 — X2)( A1 — A AL =AM — A 201 — A — A
A= (1 2)(1 3)7'17 B:\/(l 2)(1 3)7 C = 1 2 3' (40)
)\3 — /\2 w /\3 - )\2
Here, A is the amplitude of the soliton, while B is the inverse width of the soliton. These solitons exist for 71 < 0.
Moreover, when 19 = —73 A2 and &y = 0, Jacobi elliptic function solution (33) can be written as
A
q(z,t) = -

a+2ark+bw? A2—A3)(A1—A
C1 +sn? [Bj (x + ( S e ) t) , EA?—AzggA;—Aj”

-2 2(c— KA
i d e o [ 41T = 270X0 [k(a+ ak) + 78 (c — KA + Ko))] rrab] (41)
boprm + 219x0(1 + bK)

X exp




where

(A= X)) (A — Aa) Cr — Ay — Ao

A = - 42

1 Al—)\4 ’ 1 Al_)\4, ( )
—1)7/(n — As) (P2 — A

BJ:( PV 12W3)( 2= M) g j=1,2. (43)

Remark-1: When the modulus | — 1, a second form of singular optical soliton solutions emerge as below:

Ay

Cr + tanh? | By (w+ (2ttt} o)

p {—/{:1: N <au17'1 —270x0 [K(a + ak) + 7§ (c — KA + ko) ) . 9}] 7 (44)

Q(xvt) =

X exp

boprm + 219x0(1 + bK)

where \3 = A\4.

Remark-2: However, if [ — 0, periodic singular solutions fall out as follows:

Ay

C) + sin? [Bj (a: + (%’W) t)}

I B ap T — 270X0 [K(o + ak) + 3 (c — KA + ko) irob] (45)
bvprm + 219x0(1 + bk)

Q(xvt) =

X exp

where Ay = A3.

3.2 POWER LAW

For power law nonlinearity, perturbed SHE with STD extends to

iq + Gz + bqur + |q*"q + i (Vzaz + 0]9)*"¢z) = iags + iX (IqIQ" q) + iv (Iqlzn) q, (46)
xT x

where the power-law nonlinearity factor n kicks in. It was proved earlier that the restriction 0 < n < 2 must remain
valid to avoid self-focusing singularity [13]. It is clear that Kerr law nonlinearity falls out upon setting n = 1 in (46).
In order to integrate (46), the same hypothesis given by (7)-(9) is substituted into (46) and subsequently decomposed
into real and imaginary parts. These respectively lead to

(a —bow + 3yK)g" = (w+ bwk + ak® + 6° + akr) g — (A — ok — ¢) g*" 11, (47)

and
79" = {v+a+2ak + bw(w+ vK) + 3yK*} ¢ — (0 — 3X — 2v) g*"¢/, (48)
after simplification. From (48), once again v = 0. The speed v of the soliton from the linearly independent

functions is also given by (16). The constraint condition (15) also fall out from these linearly independent functions.
Consequently, the real part Eq. (47) changes to

(a—bow)g” = (w+ bwk + ar® + ak) g — (A& — ok — c) g*" 1. (49)

2n+1

Balancing ¢” with ¢ gives N = % In order to obtain closed form solutions, we use the transformation

g="Uz, (50)



that will reduce Eq. (49) into the ODE
(a—bow) {(1 —2n)(U")* +2nUU"} = 4n* (w + bwk + ar® + ak) U — 4n*(Ak — ok — c)U®. (51)

We will now analyze Eq. (51) to construct soliton and other solutions by extended trial equation method. Using the
balance principle, we recover that
o=p+sc+2 (52)

Case-1: When 9 =3, p=0and ¢ =1 in Eq. (52), we have

U=1+71VY, (53)
2 y3 U2 1\
(U/)2 — T1 (M3 + 2 + w1 +M0)7 (54)
X0
3us U2 + 24,
U’ — Tl( M3 + 2puoVW + M1)7 (55)
2X0

where pu3 # 0 and o # 0. Substituting Eqgs. (53)-(55) into Eq. (51), and solving the resulting system of algebraic
equations, we obtain

M2 = p2, M3 = M3, To=7T0, T1 =TI,

78 (pam1 — 2u370) 70 (2p271 — 3u370)
o 73 ’ o 72 ’
o = Hemi(et k(o = A)) = ps [r(1 +n)(a + ak) + 37o(c + Ko — A))] (56)

)

p3(l+n)(1+bk)
_bopom (c+ k(o —N) — 3 [(1+n) (a+br(a+va) + abvk?) + 3bvro(c — KA + ko) '

dn2m (1 4+ br)(c+ k(o — X))

X0 =

Substituting these results into Eqgs. (18) and (21), we find that

AT
HE—6) =W [ — 57
(€ &)=+ / T (57)
where
AW) =08 4 E2g2 4 Blg L B0 gy X0 (58)
M3 M3 M3 M3

Consequently, one recovers the traveling wave solutions to the perturbed SHE with STD (46) as follows:

When A(¥) = (¥ — \;)3, plane wave solution is:

4 Wy "
q(z,t) =q 70+ 71\ + [x . (a+12$g::w2) o 50]2
X exp [ {_m . (umc + 10— \) — z [f;1<1+ Tf()fol Z:f) + 310(c + k(o — Am) - eH C59)

When A(¥) = (¥ — A\1)2(¥ — \2) and A2 > \q, solitary wave solution is:

1 A =X + 2ak + bw? 2
q(z,t) = {7'0-1-7’1/\2 +71(A1 — Ag) tanh? (5 1T12 {x—l— (%) t—§0]>}

% oxp [2 {_m N (um(ch k(o —N)) — u;ile(lJ:rn?;()l(T;:)m) + 3710(c+ k(o — /\))]) . HH ' (60)




When A(¥) = (¥ — A\1)(¥ — X3)? and A\; > g, hyperbolic function solution is:

1
1 /A=A 2 bw? 8
q(z,t) = {TO + 1A+ (A — /\2)cosech2 <§ 1W1 2 [w + (%) t])}

e [l {_m . (ugﬁ(c +r(0—N\) — ”Zg[fflfn?ffcﬂff) + 30(c + #(o — /\))]) - HH |

When A(P) = (T — A1)(T — A2) (T — A3) and A\ > A2 > A3, Jacobi elliptic function solutions are:

1
1 /A — A3 a + 2ak + bw? n
t) = A Ao — A 2 — _— )t - l
a(z,1) {TO+T1 37k 3)sn <$2 Wi [$+( 1+ bwk ) §O:| 7 )}

e [l {_m . (ugﬁ(c +r(0—N\) — ”Zg[fflfn?ffcﬂff) + 30(c + #(o — /\))]) - HH |

where

A3
VDY
Notice A; (i = 1,2,3) are the roots of the polynomial equation

12

A(T) = 0.

When 79 = —1y A1 and & = 0, solutions (59)-(61) can be reduced to rational function solution

1
Az
q(I, t) - { a+2ak+bw? }
T+ ( 1+bwk ) t

e [l {_m . (ugﬁ(c +r(0—N\) — uzi/zl(fn?)z()l(?b:)n) + 3(c + #(o — /\))]) - HH |

1-soliton solution

As

alet) = {coshi [33 (x + (7‘“‘12?;::“2) t)] }
« exp [2 {_m N (uzn(c trl0—A) - MZ?&:??&Z:)R) + 310(c + Ko — /\))]) e 9H |

and singular soliton solution

q(z,t) = =
7 sinh ™ [33 (:E + (_a+12i';:fSW2) t)}
. o1 (c+ k(o = A)) — ps [K(1+n)(a+ ak) + 310(c + k(o — N))]
T exp [l{_m+ (“ : /23(1 ++n)(1 +_;I€) e )t+9H ’

where

1 1 1 /A=A
AQZQ\/lel, A3:[7'1(/\2—A1)]ﬁ, A4:[7’1(/\1—A2)]%, 3325 1712

(65)

(66)

(67)

(68)



Here, A3 and A, are respectively the amplitudes of 1-soliton and singular soliton, while Bs is the inverse width of the
solitons. These solitons exist for 7 > 0. Moreover, when 79 = —71 A3 and &, = 0, the solution (62) can be simplified
as

1 +2am+bw2 )\2—/\3
t) =Assnn | B; a t
o) =Agsnt (B [ (CHEEEEE ) ] 2

X exp [l {_m N (ugﬁ(c—l— k(o — X)) — uzil(fl(l—i_—l—n?)z()l(o;::)n) +310(c+ k(o — /\))]) - GH , (69)

As=ln0 -, 8= CP o2 o) (70)

Remark-3: When the modulus | — 1, dark soliton solutions emerge as

1 2
q(z,t) =As tanhn [Bj (w + (w) tﬂ

where

1+ bwk

X exp [l {_m n (ugﬁ(c—l— k(o — X)) — uzil(fl(l—i_—l—n?)z()l(i::)n) +310(c+ k(o — /\))]) - GH , (71)

where \; = \o.

Case-2: When o =4, p=0and ¢ =2 in Eq. (52), we have

U:To—i-Tl\If—l—TQ\Ifz, (72)
275 W2 (14, T4 P3 g v
(U2 = (71 4 2720) 2 (a U* + 303 + 202 + 1y —HLO)’ (73)
X0
U — (11 + 2700) (4pua 03 + 3302 + 2000 + p11) + 47 (a0 + ps 03 + 90?4 1y U + p1) (74)
2Xo ’

where pg # 0 and xo # 0. Substituting Egs. (72)-(74) into Eq. (51), and solving the resulting system of algebraic
equations, we find the following results:

an?7¢x0(1 + bk)(c + (o — N))

Ho = —butE(c+ k(o —N) + 472 [2(1 +n) (a + br(a + va) + abvk?) + buvry(c — KA + Ko)|’
B 8n 1071 X0(1 + bK)(c + k(o — X))
= —buti(c+ k(o — N) + 412 [(1 + n) (a + br(a + va) + abvk?) + butg(c — KA + ko)’
- An?xo(1 4 bk)(c+ k(o — N)) (1 + 27072)
H2 = —buti(c+ k(o —N) + 47 [z(l +n) (a+ br(a+va) + abvk?) + buvry(c — kA + Ko)]’
B 8nm172X0(1 + bk)(c + k(o — X)) (75)
Hs = —bur(c+ k(o — ) + 472 [(1 + n) (a + br(a + va) + abvk?) + bury(c — KA + Ko)|’
= an?72x0(1 + bk)(c + (o — N))
4=

—buti(c+ k(o — N) + 472 [(1 + n) (a + br(a + va) + abvk?) + butg(c — KA + ko))’
" T2(c+ k(o = N)) — 41 [k(1 + n)(a + ak) + 1o(c — KX + ko))

4m(1 +n)(1 + bk) ’
Xo =Xo, To=To, T1=T1, T2=T2

Substituting these results into Eqgs. (18) and (21), we find that

av
(= &) =Wa \/ﬁ, (76)

10



where

AW) = w4 B3y P22y Py PO gy, X0 (77)
4 Ha H4 Ha Ha

Integrating Eq. (76) and taking £, = 0, one obtains the traveling wave solutions to the perturbed SHE with STD
(46) in the forms:

When A(¥) = (¥ — )%, we obtain

MER
2
W
t) = A £
Q(‘T7 ) ;T7 ( 1 z+ (a+2an+bw2)t)

1+bwk

X exp [2 {_m n (Tf(c +r(c—A) — 4127,5;51_‘_4_”7;25&4_—22;) + 70(c — KA+ IiU)]) 'y 9}] (s

When A(¥) = (¥ — A\1)3(¥ — X2) and Ag > \q, we get

4W22()\2 - A1) N
4AW3 — [(Al - o) (x + (7”121;“:5“2) t)r
% oxp [2 {—mc N (T12(C +r(0c—N) — 412752514_—1—”7;250;—22;) +7o(c — KA+ fw)]) - HH ' (79)

2
q(z,t) = ZT]' AL+
j=0

When A(¥) = (¥ — A\1)2(¥ — \2)?, we have

Jjl2n
2
A2 — A1
gla,t) =D | de+
exp M2 (v + (e2asttet) )] -1

X exp [2 {_m n (T12(C +r(c—A) — 4127,5;51_‘_4_”7;25&4_—22;) + 70(c — KA + IiU)]) 'y 9}] C(80)

and

L
2n

2 A=A j
q(x,t) = ;Tj ()\1 - exp [AIW;:Q (x“"l(oﬁé-mlj:foﬂ) t)} B 1)

X exp [l {_Im n (7—12(0 + k(o —A)) — 412T£/Z§1++n7;z§a+4—b§;) + 7o(c — KA+ ncr)]) - 0}] ' (81)

When A(¥) = (U — X\)2(T — \2)(¥ — A3) and A1 > A2 > A3, we recover

=

2(A1 = A2) (M1 — Ag)
\/ﬁ at2ak+bw?
2A1 — )\2 — Ag + ()\3 — )\2) cosh M (CC + ( +2ar+b ) t)

2
q(:v,t)z ZTj )\1—
j=0

Wo 1+bwk

X oxp [Z {_m N <7'12(c + k(o —N) — 412;5251:”7;2504;;2;) +10(c — KA+ m)]> . 9}] ' (82)
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When A(\I/> = (\If — )\1)(\:[/ — )\2)(\:[/ — /\3)(\:[/ — /\4) and A1 > Ao > A3 > Ay, we find

jq 2
2
A1 —A2)( A — A
S | (AL = A2) (A4 = A2)
' A — A2 + (A1 — Ayg) sn? :I:—(Mi;\;&i&i)\i) (;E + (7°‘+12i';::w2) t) ,l}
2
) Ti(c+ k(o = A) — 41 [K(1 + n)(a + ak) + To(c — kKA + K0)]
— t+6 83
xexp[z{ mc—i—( Tl T ) (1 1 o) + . (83)
where
A2 — A3)(A1 — \g)
2= : 84
(1 = a) 0 = Aa) )
Notice A; (i = 1,...,4) are the roots of the polynomial equation
A(T) =0. (85)
Remark-4: When the modulus [ — 1, the hyperbolic function solutions fall out:
%
2
A1 —A2)(Ag — A
S 020 )
' A=A+ (A — A\g) tanh? |+ (1 2:% 2=24) ( (a+12j§:’fw2 t)]
2
) Ti(c+ k(o = N) — 41 [K(1 + n)(a + ak) + To(c — KA + K0)]
— t 9 86
X exp [2{ ““( 4ms(1 - 1) (1 + br) * (86)
where A3 = A\4.
Remark-5: However, if [ — 0, the periodic wave solution are listed as below:
jq 2
2
A= A2)(Ag — A
Sori | det (A1 Az)(A4A i)
: V (o3 aK W
)\4—A2+()\1 —A4)Sln + 1 2;[/2 2 M) ( (?TM) t)
2
) Ti(c+ k(o = N) — 41 [K(1 + n)(a + ak) + To(c — KA + K0)]
- t+0 87
xexp[z{ mc—i—( Tl )1 T o) + . (87)

where Ay = A3.

4 CONCLUSIONS

This paper employed the extended trial equation method to secure bright, dark and singular optical soliton solutions
to SHE. In addition plane waves, periodic waves and other solutions emerged as a byproduct. Both Kerr law and
power law are studied. The results of this paper provides basic foundation to further research in the avenue of
dispersive optical solitons. Birefringent fibers, DWDM systems and metamaterials will be later touched upon. While
the perturbation terms in this paper are considered to be strong, quasi-stationary soliton solutions can be obtained for
weak perturbations. These results will be reported in future. Additional integration tools will be further implemented
to reecover more interesting solutions that are awaited at this time.
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